Suspensions of chloroplasts isolated from leaves of spinach or peas and illuminated in suitable aqueous media are capable of both 02 evolution and CO2 fixation at rates comparable with those which occur in vivo (8, 11) . Under these conditions the major radioactive products of photosynthetic "CO2 assimilation are glycerate-3-P and dihydroxyacetone-P, a considerable proportion of which may be recovered from the medium outside the chloroplasts (3). suspended in HEPES buffered medium, pH 7.5 (6), and examined in a phase contrast microscope to determine the proportion of intact chloroplasts. Chlorophyll content was measured spectrophotometrically and the capacity of the chloroplasts to evolve 02 was determined with a Clark-type electrode.
the major radioactive products of photosynthetic "CO2 assimilation are glycerate-3-P and dihydroxyacetone-P, a considerable proportion of which may be recovered from the medium outside the chloroplasts (3) . It intact chloroplasts. These preparations will be referred to as 0-chloroplasts. Table I shows the results of experiments in which the chloroplasts of both types were preincubated with intermediates of the PCR cycle at a concentration of 10 mm, layered onto filter paper discs and illuminated in '4CO2 for 10 min. In these experiments the control sample of O+ chloroplasts fixed CO2 at a rate of about 9 ,umoles/mg chl-hr. This is less than might have been expected on the basis of the rates of 02 evolution, since it has been shown that isolated chloroplasts will assimilate CO2 and evolve 02 with a stoichiometry of one to one (II). However, spectrophotometric determinations on 80% acetone extracts of replicate filter paper discs indicated that only about 60% of the applied chlorophyll was retained. Hence, it is probable that the decreased rate of CO2 assimilation reflects the breakage of some chloroplasts during the process of layering onto the filter paper discs.
In general, preincubation with sugar phosphates increased the amount of carbon assimilated by both types of chloroplasts. However, the increase relative to the control rate was always greater in the 0-chloroplasts. With both types of chloroplasts, fructose-1,6-diP produced the greatest stimulation of carbon fixation. Glycerate-3-P stimulated CO2 assimilation by 0-chloroplasts. With 0+ chloroplasts this compound inhibited carbon fixation, or in some experiments had little effect.
There was a significant difference in the distribution of radioactivity into the products of photosynthesis formed by the control samples of the two types of chloroplasts. In the 0-chloroplasts about 40% of the fixed carbon was incorporated into sugar-monoP and only about 5% was recovered in the sugar-diP fraction. In contrast, with the 0+ chloroplasts about 30% of the fixed carbon was recovered in sugar diphosphates. Hydrolysis of the sugar diphosphates produced mainly fructose, indicating that the major sugar-diP being formed was probably fructose-I ,6-diP.
When the chloroplasts were preincubated with ribose-5-P, fructose-i , 6-diP or fructose-6-P, the amount of radioactivity recovered in the fraction corresponding to the fed compound increased and the amount of radioactivity recovered in products of its further metabolism decreased compared with control samples. However, results obtained when the chloroplasts were preincubated with glycerate-3-P differed. In these experiments the distribution of "C into products of photosynthesis formed by both types of choroplasts was similar to that observed when the chloroplasts were preincubated with fructose-1, 6-diP.
Both types of chloroplasts were preincubated with intermediates of the PCR cycle over a range of concentrations from 10 jtM to 10 mm. The results of experiments in which fructose-1,6-diP was used are shown in Figure 1 . A significant increase in the amount of carbon fixed by 0-chloroplasts was observed with concentrations of fructose-diP as low as 0.1 mM ( Fig. 1 a) . With O+ chloroplasts such an increase was only observed at the highest concentration of fructose-diP used. Changes in the distribution of radioactivity among the products of photosynthesis were observed at the same concentrations (Fig. 1, b and c) .
Results of experiments carried out with other intermediates of the PCR cycle were basically similar. With O+ chloroplasts glycerate-3-P, ribose-5-P, and fructose-6-P had little effect on either the amount of carbon fixed or the distribution of '4C into products unless used at a concentration of 10 mM. In contrast, fixation of CO2 by 0-chloroplasts was stimulated by concentrations as low as 0.1 mm ribose-5-P and fructose-6-P and by 1 mm glycerate-3-P. Changes in the distribution of radioactivity into products of photosynthesis were observed with 10 pM ribose-5-P, fructose-6-P, 0.1 mm fructose-diP, and 1 mM glycerate-3-P.
DISCUSSION
The changes observed in the present experiments in amounts of carbon assimilated by chloroplasts which had been preincubated with intermediates of the PCR cycle were basically similar to those reported from experiments on chloroplasts illuminated in suspensions (1, 4, 9) . However, the present results differ from those of previous investigations (1, 2) in that the chloroplasts preincubated with PCR cycle intermediates at concentrations sufficient to alter their rates of CO2 assimilation showed pronounced changes in the distribution of radioactivity between products of photosynthesis.
With added ribose-5-P, fructose-diP, and fructose-6-P the observed changes were as might be expected from isotope dilution effects if a relatively large nonradioactive pool of the given intermediate had been introduced into the chloroplast. That is, the amount of 14C recovered in the fraction corresponding to the fed compound increased, and the amount of radioactivity recovered in products of its further metabolism decreased.
These isotope dilution effects will only be seen when the amount of exogenous substrate assimilated by the chloroplasts is large compared with both the endogenous pool and the amount being formed by assimilation of 14CO2. The rate of incorporation of isotope into the fed intermediate must also be high compared with the rate of its further metabolism. Hence, these experiments can provide information on (a) the penetration of compounds into the chloroplast, (b) the relative size of endogenous pools of intermediates of the PCR cycle, and (c) the relative rates of metabolism of carbon through various reactions of the PCR cycle.
The present results indicate that all the PCR intermediates investigated can be rapidly assimilated by the chloroplasts. They also indicate that the endogenous concentrations of PCR cycle intermediates in the 0-chloroplasts were much lower than those in the 0+ chloroplasts. However, the low activity of these chloroplasts cannot be due to the low level of PCR cycle intermediates alone, since in this case incubation with such compounds should restore their photosynthetic activity completely. The 0-chloroplasts would appear to be similar to the chloroplasts isolated in a salt-based medium by Plaut and Gibbs (10) .
With both types of chloroplast preparations the greatest stimulation of CO2 fixation was observed in those samples which had been preincubated with fructose-1 , 6-diP. Fructose-6-P and ribose-5-P were less effective although closer on the metabolic pathway to the CO2 acceptor ribulose-1 ,5-diP. The observed isotope dilution effects indicate that these compounds had penetrated the chloroplasts, but they also indicate that they were being metabolized slowly compared with the rate of CO2 fixation. Hence, it is unlikely that the stimulation observed with fructose-diP resulted from replenishing of the pool of ribulose-1,5-diP. However, these results are consistent with previous suggestions (2, 9) that the level of fructose-diP within the chloroplasts could affect the rate of CO2 assimilation, possibly by a feedback mechanism. In this case the activity of fructose-1 ,6-diphosphatase could control both the rate of entry of carbon into the PCR cycle and the rate of loss of carbon through hexose-monoP. In the present experiments the accumulation of radioactivity in the sugar-monoP fraction by the control sample of 0-chloroplasts suggests that in these plastids this control might have been lost. This would account both for the low levels of endogenous PCR cycle intermediates and for the low levels of photosynthesis in these chloroplasts.
Everson et al. (7) have suggested that the relative activities of the enzymes involved in the conversion of triose-P to hexose-monoP could control the nature of products formed by isolated chloroplasts. It is postulated that with chloroplasts in which diphosphatase activity is much less than fructose 1, 6-diP aldolase, carbon would tend to accumulate in compounds in equilibrium with triose-P, while high diphosphatase activity would favor formation of fructose-6-P, which should favor sucrose synthesis. However, our present results indicate that even under conditions favoring accumulation of hexose-monoP sucrose may not be formed in significant amounts.
In the present experiments little difference was observed in the distribution of radioactivity into products of photosynthesis in chloroplasts which had been preincubated with glycerate-3-P and in those which had been preincubated with fructose-diP. This suggests that both types of chloroplasts were capable of rapidly converting glycerate-3-P to fructose-diP. For the observed isotope dilution effects to occur, the rate at which this conversion occurred must have been considerably faster than both the rate of CO2 fixation and the rate of hydrolysis of fructose-diP. Hence, it would appear that in these chloroplasts sucrose synthesis was limited by one of the reactions associated with the further metabolism of hexose-monoP.
These results also support our previous suggestion that chloroplast suspensions accumulate early intermediates of the PCR cycle merely because they leak from the chloroplasts into the external medium.
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